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$\min_{X}f(X)$ =m $\sum$ $d_{ij}$ , (1)
$(:,j)\in X$
, , $(i,j)\in P$ , $X$ .
, ACO , . ,
$k\in A$ . , ,
$k$ , . $j$ ,
$p_{ij}^{k}(t):= \frac{(\tau_{1j})^{\alpha}(\eta_{ij})^{\beta}}{\sum_{l\in N^{k}(t)}(\tau_{il})^{\alpha}(\eta|l)^{\beta}}$, (2)
. , $\tau_{ij}$ } $(i,j)\in \mathcal{P}$ , $\eta:j$ ,
, (TSP
$1/d_{ij}$ ). , $\alpha$ $\beta$ , , $\mathcal{T}|j$ $\eta_{ij}$
. $N^{k}(t)$ , $t$ $k$ .
t=n , k , Xk . ,
$\ovalbox{\tt\small REJECT}$ , ( ) , .
$\tau_{ij}=(1-\rho)\tau_{ij}+\sum_{k\in A}\Delta\tau_{ij}^{k},$
$\forall(i,j)\in \mathcal{P}$ , (3)
$\Delta\tau_{i\mathrm{j}}^{k}=\{$
$1/f(X^{k})$ if $(i,j)\in X^{k}$ ,
$0$ if $(i.j)\not\in X^{k}$ ,
(4)
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$0<\rho<1$ , . ,
.
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Bullnheimer Rar&-based Ant System (AS-rank) [2] ,
, $X^{k}$ $\mathcal{L}\subset A$ ,
$w_{k}$ $i=$ .
$\tau_{1j}=(1-\rho)\tau_{ij}+\sum_{k\in \mathcal{L}}w_{k}\Delta\tau_{1j}^{k},$
$\forall(i,j)\in P$ . (5)
[2] , AS-rank AS .
3.2 $\mathcal{M}A\mathcal{X}-\mathcal{M}\mathcal{I}N$ Ant System
St\"uzle [3] $MA\mathcal{X}-M\mathcal{I}N$ Ant System (MMAS) ,
. MMAS , ,
(best-so-far) (iteration-best)
.
$\tau_{ij}$ $=$ $(1-\rho)\tau_{lj}\forall(i,j)\in P$ , (6)
$\tau_{ij}$ $=$ $\tau:j+\Delta\tau_{ij}^{b\epsilon}\forall(i,j)\in X^{bs}$ , (7)
, $\Delta\tau_{ij}^{b\epsilon}:=1/f(X^{bs})$ , $X^{bs}$ ,
. , , $\tau_{\mathrm{m}\mathrm{a}\mathrm{J}C}$ $\tau_{\min}$ ,
,
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, 2 AS-rank .
4.1
, 3 .
ANS , (2) , .
$A_{IS}$
, , , .
$p_{ij}^{k}(t):= \frac{(1/\tau_{lj})^{\alpha}(\eta_{1j})^{\beta}}{\sum_{l\in N^{k}(t)}(1/\tau_{il})^{\alpha}(\eta:\iota)^{\beta}}$ . (8)
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4.2
, , $i$ $X^{k}(i),$ $k\in A$
$X^{b\epsilon}(i)$ . , $\delta^{k}(i):=|X^{k}(i)-X^{bs}(i)|$
. , $X^{k}(i)$ $X^{b\epsilon}(i)$ .
, $\delta^{k}(i)$ , ,
.
, , , $|\mathcal{L}|$ Prate
. Prate $0<\mathrm{P}rate<1$ . ,
$|A|/2$ $\delta^{k}(i)$ $|\mathcal{L}|(1-p_{rat\epsilon})$ ,
$\mathcal{L}$ ( 1). , $\mathcal{L}$ , (5) .
$p_{ra\mathrm{t}\mathrm{c}}$
$\hat{X}$ $\hat{f}$ , $i$ ,
$f(X^{b\epsilon}(i))$ $\hat{f}$ , $\hat{f}$ $f(X^{b\epsilon}(i))$ . ,
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1:
$I_{\max}$ $\hat{f}$ , $p_{rale}$ .
$p_{rat\mathrm{e}}= \max\{p_{rate}-p_{d}, p_{\min}\}$ . (9)
$0<p_{d}$ , Pmin $<1$ Im .




$i:=0$ $\forall(i,j)\in P$ $\tau_{\min}$ , 7 . $I_{\mathrm{c}}:=0$
Step 1 , $t:=1$ .
Step 2 , :
1. $k\in A_{NS}$ , (1) .
2. $k\in A_{IS}$ , (8) .
3. $k\in A_{R}s$ , .
$t:=t+1$ . $t<n$ , Step2 .
Step 3 , $f(X)$ , $i$ $X^{b\epsilon}(i)$
. $\hat{f}>f(X^{bs}(i))$ , $\hat{f}:=f(X^{b\epsilon}(i))$ $I_{c}=0$ . $I_{\mathrm{c}}:=I_{\mathrm{c}}+1$ .
$I$ $>I_{\max}$ , prat (9) .
SteP 3 $\mathcal{L}$ , (5) ,
$\forall(i,j)\in \mathcal{P}$ .
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(MMAS, ACS, AS-rank, AS-elite, AS) , [3] . ,























































. $\infty\alpha$ $::^{\mathrm{g}}!^{1\mathrm{i}_{[!^{\mathrm{i}l}}^{\mathrm{I}}}.\mathrm{I}_{*\mathrm{x}}\mathrm{f}|^{\mathrm{i}}[|_{i}^{1}|_{\iota_{\mathrm{o}}}|!^{\dot{\mathrm{o}}}.\circ.\cdot$ :
$\mathrm{r}$ . .. $\mathrm{r}$ $\infty$ $\alpha$ $\infty$ $\alpha$ , $\prime 0$ $w$ $*\mathrm{Q}$ $u$
(c) PRS AS-rank (d) AS-rank
2: DSA PRS AS-rank
1:
$|A_{NS}|$ 41 35 30 15
$|A_{R}s|$ 10 10 10 10
$=\text{ ^{}\backslash }\text{ _{}\grave{\mathrm{J}}}\underline{\langle\langle\langle}$)
$\grave{1}\mathrm{g}/_{l}R\text{ }|A_{IS}|061126$
2:
$|A_{NS}|$ 40 30 10









426 522 426 430




$\mathrm{k}\mathrm{r}\mathrm{o}A100$ 30 100 20 31 49 $(5, 6)$ 10000
d198 40 198 20 78 100 $(5, 6)$ 10000
5: ACO
$=\text{ }\mathrm{a}\mathrm{e}l\yen \mathit{4}Z\mathit{6}.\mathit{8}21296.04\mathrm{J}\mathit{5}\mathit{8}\mathit{8}\mathit{0}.\theta Xi\mathrm{g}\mathrm{e}\mathrm{i}\mathrm{l}51(426)\mathrm{k}\mathrm{r}\mathrm{o}\mathrm{A}100(21282)\mathrm{d}\mathrm{l}98(15780)$
MMAS 427.1 l1291.61 15956.8
ACS 428.1 21420.0 16054.0
AS-rank 434.5 21746.0 16199.1
AS-elite 428.3 21522.8 16205.0
AS 4375 224714 167021
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